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Summary 

Dadkhah Tehrani, S., S. R. Shojaei, S. R. Hosseini & P. Shayan, 2022. Investigating differ-
ential expression genes profile in HCT-8 cell line infected with Cryptosporidium parvum in 
host-parasite interactions. Bulg. J. Vet. Med. (online first). 
 
Cryptosporidium parvum is a microscopic parasite and furthermore, an identified agent that spends its 
life cycle in the mammalian gastrointestinal tract causing chronic and life-threatening diarrhoea in 
immunocompromised individuals. In this study, the GSE2077 series were selected from the NCBI 
site, which examined the contamination of the HCT-8 cell line with C. parvum in three treatment 
groups. Each of 24, 48, and 72 hours post-infection (PI) groups was compared with the mock, and the 
differentially expressed genes (DEGs) were identified during the analysis. For each comparison, the 
|logFC|= 2 and P values <0.05 were considered. The obtained values included: 24 hours=71 DEGs, 
48 hours=82 DEGs, and 72 hours=55 DEGs. For the DEGs of each group, gene ontology diagrams 
were drawn separately using the Funrich3.1.3 software, including cellular components, biological 
processes, and molecular functions. The heat map diagrams were drawn with the R software and the 
heat map package. Also, the networks were plotted for each comparison in the Cytoscape software, 
and hub genes were obtained. Finally, the commonalities between the three treatment groups were 
identified using the FunRich software. Five common genes were revealed in all groups: RAD23B, 
DKK1, CXCL8, PHLDA1, and UGT1A3.  

Key words: Cryptosporidium parvum, cryptosporidiosis, intestinal epithelium, HCT-8 cell 
line, parasite infection 

INTRODUCTION 

Cryptosporidium parvum is one of mam-
malian most important enteric parasites, 
especially in domestic animals and hu-
mans. Some Cryptosporidium species 

have a specific host, but C. parvum is 
infectious for all mammals and sometimes 
can infect several host organs. Crypto-
sporidium is found in all parts of the gas-
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trointestinal tract, especially in the villi of 
the intestinal wall, causing clinical symp-
toms. Clinical infection in mammalian 
infants and childrens is more common and 
severe than in adults. Cryptosporidiosis 
leads to acute or chronic gastroenteritis. It 
is observed in both clinical and subclinical 
forms in humans and animals and is asso-
ciated with many complications. The dis-
ease symptoms are almost identical in 
humans and animals, but their incubation 
period is different (Gharekhani et al., 
2014; Yasur-Landau et al., 2021). 

With the discovery of AIDS in the 
early 1980s, this parasite became critical 
because it was one of the most important 
causes of severe, long-term, and life-
threatening diarrhoea in these patients. 
The parasite can be transmitted to humans 
through contaminated food and water or 
personal or animal contact. Pathogens 
affect host cellular mechanisms to direct 
host cell capabilities in the path of infec-
tion (Chawla et al., 2011; Awulachew et 
al., 2020). From the view of cellular ge-
netics, it should be noted that human in-
testinal cells undergo significant changes 
in host-parasite interaction, especially 
changes in the expression of relevant 
genes due to C. parvum infection. It also 
examines the changes parasites undergo 
during the transition from one stage of life 
or from one host to a new one, defines 
biochemical pathways necessary for or-
ganisms to survive in the host, and 
emerges new treatment strategies. Under-
standing the host and pathogen interaction 
is essential for identifying the mechanisms 
of infection. Following the advancement 
of technology over the past decade and 
the availability of different levels of  
Omics data collocated from pathogens, 
general information is provided for re-
searchers on pathogen-host reactions, bio-
logical system-based methods to infer and 

analyse regulative, immune, metabolic, 
and protein-protein networks, and host-
pathogen interaction to identify and eluci-
date the mechanism of infection.  

Castellanos-Gonzalez et al. (2008) 
cultured human ileal mucosa for infection 
with C. parvum and C. hominis to deter-
mine which genes were regulated during 
infection and analysed gene expression by 
microarray assay. They determined that 
osteoprotegerin (OPG) mRNA protein 
was produced when the HCT-8 cells were 
infected with the parasite. Also, the au-
thors demonstrated that epithelial cell 
apoptosis was induced, and parasite num-
ber was reduced when infected cells were 
treated by OPG ligand tumour necrosis 
factor-related apoptosis-inducing ligand 
(TRAIL). So these results indicated a new 
pathway for eradicating C. parvum infec-
tion. In another study, Borowski et al. 
(2010) inoculated C. parvum into the 
HCT-8 cell line  and for the first time 
evaluated the host-parasite interaction 
with scanning electron microscopy. Liu et 
al. (2018) analysed the expression profile 
of long non-coding RNA (lncRNA) and 
mRNAs in the HCT-8 cells infected with 
C. parvum by microarray assay and re-
vealed that differently expressed lncRNA 
played an essential role in infection regu-
lation. 

The importance of cryptosporidiosis as 
a zoonotic disease in public health and a 
life-threatening factor in AIDS patients 
prompted us to study the genes expressed 
in host-parasite interactions differently 
than other studies done in the past and 
using bioinformatics tools. The present 
study will introduce common genes ha-
ving the most changes in expression at 24, 
48, and 72 hours PI as potential targets for 
the drug and vaccine industry. However, 
more research is needed in the future for 
this purpose. 
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MATERIALS AND METHODS 

Microarray analysis 

Initially, C. parvum parasite-related  
Omics studies were reviewed. The key-
words such as HCT-8 cell line, C. parvum 
and human infection with it were used in 
the GEO database. Appropriate data were 
selected, and unrelated data were deleted. 
Finally, the gene expression dataset 
(GSE2077 series), which examined the 
contamination of the HCT-8 cell line with 
C. parvum in 18 samples, was downloa-
ded from the GEO database. This study’s 
samples were divided into four groups: 
control group, 24 hours PI group, 48 
hours PI group, and 72 hours PI group. 

Classification of groups 

The active groups were classified as pairs 
to analyse the DEGs. For this purpose, 
three binary groups were created: 1) Con-

trol group versus 24 hours PI group; 2) 
Control group versus 48 hours PI group; 
3) Control group versus 72 hours PI 
group. 

After pairing the involved groups and 
placing the studied groups in them, they 
should become an expression set. R soft-
ware, GEOquery, Biobase, and Limma 
packages were used. The Boxplot package 
in R software was used to control the ex-
pression sets. Data were normalised with 
normalise between arrays. After vertical 
integration of the DEGs, the studied 
groups were divided into three mentioned 
above to find commonalities. Each of 
them was placed in a Venn diagram to 
obtain the similarities and differences of 
the genes resulting from vertical integra-
tion (Fig. 1). 

After vertical integration, the genes 
obtained in the three groups were consid-
ered DEGs and used to draw the mother 

 
Fig. 1. Venn diagram for each 24,48, and 72 hours PI group compared to the control group;  

C = control. 
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network. It was constructed using the 
Search Tool for the Retrieval Genes and 
Protein (STRING) database. The drawn 
mother network was analysed using Cyto-
scape software, and network analyzer ap-
plication and centrality criteria were de-
termined for all three nodes.  

The Gephi software was used to find 
modules in the network and the main and 
essential processes and functions. Differ-
ent algorithms containing different pa-
rameters were used in each of these analy-
ses, and optimisation of these parameters 
is one of the most critical points of this 
phase. After converting the obtained net-
works into three groups, all three net-
works were divided into several logical 
modules. The best module was selected 
and introduced based on gene-protein 
enrichment analysis. 

Gene enrichment analysis methods 
were used to find the function of unknown 
genes/proteins or the specific role of 
known genes/proteins with multiple func-
tions. All these methods are data annota-
tion in Gene Ontology (G.O.) and Kyoto 
Encyclopedia of Genes and Genomes 
(KEGG). For this purpose, the biological 
pathways and involved networks in the 
cellular signalling pathways of the ob-
tained genes were introduced in the mod-
ule. Each of the three groups for the gene-
protein enrichment process was placed on 
the Enrichr site. 

RESULTS  

Essential genes with the highest centrality 
indices were selected and introduced 
based on the results of the Venn diagram 
in three main groups, vertical integration 
of obtained DEGs, analysis of network 
centrality, obtained hubs, and degree in-
dex (Table 1). 

Table 1. The list of top 10 genes based on 
degree index for network drawing in three 
groups. 

         Score    Name Rank 

First group  

(24 hours PI without control group) 

13.0 GAPDH 1 

8.0 CXCL8 2 

6.0 IGF2 3 

5.0 ACTB 4 

4.0 RAD23B 5 

4.0 TEK 5 

3.0 ABCC2 7 

3.0 SLC4A4 7 

3.0 SLC15A1 7 

3.0 GNB2L1 7 

Second group  

(48 hours PI without control group) 

21.0 IL6 1 

19.0 GAPDH 2 

14.0 CXCL8 3 

13.0 FOS 4 

11.0 CTGF 5 

10.0 HGF 6 

9.0 PTPN11 7 

7.0 MYB 8 

6.0 AGTR1 9 

6.0 FGF4 9 

Third group  

(72 hours PI without control group) 

6.0 IL6 1 

5.0 PTPN11 2 

3.0 DKK1 3 

3.0 LEF1 3 

2.0 CXCL8 5 

2.0 IL1RN 5 

2.0 TNKS 5 

1.0 MSTN 8 

1.0 LILRB1 8 

1.0 ACADL 8 
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24 hours PI in the C. parvum infected 
HCT-8 cell line, and in the discussion of 
biological processes, 27.6% of mostly 
expressed genes were associated with cell-
cell interaction. Of these genes, 1.7% 
were related to activities that inhibit cell 
death, and 1.7% were associated with 
regulating the conduction of cellular mes-
sages. Those involved in protein metabo-
lism, cell transfer, and cell-binding proc-
esses were 13.8%, 13.8%, and 3.4% re-
spectively. Exosomes are the essential 
extracellular vesicles that play a crucial 
role in cell-cell communication. 

Cellular components of 24 hours PI 
DEGs showed that 4.5% of genes were 
involved in peroxisome and its activity. 
Among the most expressed genes, 16.1% 
and 1.8% were involved in plasma mem-
brane correction and the cytoplasmic cy-
clin-dependent protein kinase holoenzyme 
complex. Glycine-influenced functions 
related to the chloride channel complex 
were applied by 1.8% of the mentioned 
genes. Of the genes discussed above, 
28.6% affected extracellular activities and 
5.4% of them mainly affected the basal 
and sides parts of the plasma membrane. 
In the heat map diagram discussion, 
GAPDH, ACTB, and CXCL8 genes were 

more expressed in the treatment groups 
than in the control groups. TEK and 
SLC4A4 expressed in the treatment were 
reduced compared to the control groups 
(Fig. 2). 

KEGG pathway analysis in this time 
shift demonstrated that the DEGs were 
involved in activating the pathways re-
lated to bile secretion, proteoglycans in 
cancer, Rap1, phospholipase D, Hippo, 
and MAPK messaging pathways, ABC 
vectors, shigellosis disease, improper 
transcriptional regulation in cancer, and 
cell connections. 

Molecular functions of the DEGs in 
HCT-8 cell line infected with C. parvum 
in 24 hours PI showed that 1.7% of car-
boxylase activity was affected. Of these 
genes 3.4% appeared to act as protease 
inhibitors, 1.7% involved adenylate cy-
clase activity, 12.1% of them affected 
transcription factor activity, 5.2% influ-
enced membrane receptor protein activity 
and membrane processes related to tyro-
sine kinase activity, and 10.3% were in-
volved in protein transfer activities. 

In the top 10 genes network study for 
the first group (24 hours PI without the 
control group), GAPDH, ACTB, CXCL8, 
and IGF2 genes had the highest and most 

 
Fig. 2. Heat map diagram for the first group (24 hours PI without control group). 
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significant expression impact on biologi-
cal activity among other genes in this shift 
time (Fig. 3). 

Of the genes associated with cellular 
homeostasis, 1.5% were involved in cell 
deformation during cell differentiation, 
1.5% in regulation of blood pressure, 
1.5% in hormone metabolism, and 39.7% 
in message transmission. Moreover, 
39.7% of these genes were involved in 
cellular communication, significantly af-
fecting cellular activities (P<0.05). 

Of cellular components at 48 hours PI, 
1.6% of genes were related to the density 
of filaments forming of platelet network, 
1.6%, 3.2%, 3.2%, and 11.1% were in-
volved in the formation of microtubules, 

discussion of the basement membrane, 
vesicles bound to the plasma membrane, 
and in extracellular space, respectively. 
Overall, 31.7% of those were involved in 
extracellular processes, whose change was 
significant (P<0.05). On the heat map 
diagram, IL6, MYB, PTPN11, FGF4, 
CXCL8, CTGF, and FOS genes were 
more expressed in the treatment groups 
than in the control. The expression of the 
AGTR1 gene in the treatment groups was 
reduced compared to the control group 
(Fig. 4). 

Molecular functions of DEGs in the 
HCT-8 cell line infected with Crypto-
sporidium in this time shift comprised 
1.5% of genes that were involved in the 

 
Fig. 3. Top 10 genes network for the first group (24 hours PI without control group). 
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protein enzyme tyrosine phosphatase ac-
tivity, 2.9% considered receptors for cell 
binding, 8.8% involved in transfer activi-
ties, 4.4%: in cytokine activities, 13.2%: 
in transcription factor activity, and 5.9% -  
in growth factor activity. 

In the top 10 genes network study for 
the second group (48 hours PI without 
control group), HGF, FOS CTGF, 
CXCL8, GAPDG, and IL6 genes had the 
highest expression compared to other 
genes (Fig. 5). 

Of these genes with anti-apoptotic ac-
tivity 17%, 2.1%, 17%, 2.1%, and 10.6% 
were involved in metabolism, controlling 
cell proliferation, pathways related to cell 
energy supply, calcium ion messaging as a 
mediator, and immunity responses, re-
spectively. 

Cellular components of DEGs 72 
hours PI showed that 2.2% of genes were 
involved in the debate of proteins in-
volved in DNA complex, 6.7% and 11.1% 
of them were engaged in extracellular 
spaces, 4.4% of those were related to 
other proteins, 2.2% of these genes were 
associated with IL6 receptors, and 2.2% 

of them were involved in collagen forma-
tion. 

LEF1, DKK1, IL1RN, PTPN11, 
CXCL8, IL6, L1LRB1, TNKS, and MSTN 
genes were more expressed in the heat 
map diagram discussion in the treatment 
groups than in the control groups. The 
expression of the ACADL gene in the 
treatment groups was reduced compared 
to the control group (Fig. 6). 

Molecular functions of DEGs in the 
HCT-8 cell line infected with C. parvum 
in 72 hours PI were as followed: 4.3% and 
2.1% were considered receptors for cell 
binding and a specific protein for binding, 
4.3% were involved in growth factors 
activities, 10.6%, 14.9%, and 6.4% of 
genes were involved in catalytic, tran-
scription factors, and cytokine activity. 

DISCUSSION 

Cryptosporidium is the primary cause of 
diarrhoea in children and untreated AIDS 
patients in underdeveloped countries 
(Dumaine et al., 2020). In recent years, 
advances   in  genomics,  epigenetics, and 

 
Fig. 4. Heat map diagram for the second group (48 hours PI without control group) 
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Fig. 5. Top 10 genes network for the second group (48 hours PI without control group). 

 

 
Fig. 6. Heat map diagram for the third group (72 hours PI without control group). 
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transcriptomics have led to comprehen-
sive analyses of the molecular mecha-
nisms involved in developing various dis-
eases. Along with these developments, 
many databases have been created con-
taining multiple biological data. Like 
GEO, most databases provide their data to 
researchers for free. Much of these data 
can be processed by bioinformatics tools 
and other network analyzer software to 
investigate the molecular and biological 
mechanisms involved in the progression 
of various diseases. The science and tech-
nology of microarray are widely used to 
analyse and measure omic changes, in-
cluding proteomics, genomics, and gene 
expression. Microarray data can provide 
researchers with accurate results for labo-
ratory analysis. Therefore, genomics, tran-
scriptomics, and proteomics data can be 
combined to obtain meaningful and ap-
propriate consequences. When the omic 
layers are merged, a correct understanding 
of biological systems can be achieved. 
Recognition and understanding of the 
complex network involved in the patho-
genic process of the protozoan and identi-
fication of the most critical factors in-
volved in this process led to the design of 
new diagnostic methods, use of appropri-
ate drugs to target essential factors that the 
protozoan uses to change cellular proc-
esses and its proliferation in a host, and 
also the design of a proper vaccine. 

Liu et al. (2009)  examined changes in 
apoptosis at different times PI (6, 12, 24, 
48, and 72 hours PI) in the Cryptosporidi-
um-infected HCT-8 cell line. They found 
that 333 genes were altered at least two of 
the five mentioned times during transcrip-
tion. Fifty-one regulated genes were re-
lated to apoptosis and divided into five 
categories based on their expression pat-
terns. In early and late infection, anti-
apoptotic genes were up-regulated and 

down-regulated, respectively. Also, in 
early and late disease, apoptotic and pro-
apoptotic genes were down-regulated and 
induced, respectively. They demonstrated 
that the first apoptosis occurred at 12 
hours PI and increased within 24 hours. 
The results showed that the experimental 
silencing of Bcl-2 caused apoptosis in 505 
infected cells within 24 hours after illness, 
which reduced the accumulation of 
meront-containing cells. 

Moreover, they inhibited apoptosis us-
ing a pan-caspase inhibitor, which could 
effectively treat the Cryptosporidium in-
fection. To better understand the host re-
sponse to C. parvum infection, Deng et al. 
(2004) examined the gene expression pro-
file of infected human ileocecal adenocar-
cinoma cells using Affymetrix oligonu-
cleotide microarray containing probe sets 
for 12600 human genes. The results 
showed that the 223 identified genes, in-
cluding 125 up-regulated and 98 down-
regulated, were regulated with this para-
site infection 24 hours PI. Thirteen of 
these genes were analysed by qRT-PCR. 
Host heat-shock genes and pro-
inflammatory chemokines IL-8, RANTES, 
and SCYB5 were revealed. Finally, this 
study determined that the parasite leads to 
dramatic changes in host biochemical 
pathways and offered new insights into 
specific biological functions of infectious 
diseases caused by an intracellular proto-
zoan parasite. 

Expression of 3,302 genes was studied 
in C. parvum-infected cell over 72 hours 
(Mauzy et al., 2012). The parasite had 
detectable transcription of all genes in 
vitro within at least one time point tested, 
and adjacent genes were not co-regulated. 
Five genes were not detected within the 
first 24 hours of infection, containing two 
AP2 domains as a transcription factors. 
The fewest genes detected were at 2 hours 
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PI. In contrast, 30% of the genes had their 
highest expression at 48 and 72 hours PI. 
The protein involved in translation be-
came over-expressed in 6 hours, while the 
structural proteins were over-expressed in 
12 hours. These changes confirmed the 
altered gene expression in the parasite-
infected HCT-8 cell line. 

Studies have shown that the expression 
of genes involved in HCT-8 cell line in-
fection is affected by C. parvum. In the 
process of disease development and at 
different time shifts, gene expression is 
affected so that gene expression shows 
different values of 48 hours PI and 72 
hours PI. Increased or decreased expres-
sion of genes due to infection causes 
changes in biological processes and acti-
vation of cellular biological pathways. 
Each of them alone or cooperates with 
other pathways or factors activates dis-
eases or other functions that are not neces-
sarily pathogenic.  

 The cellular communication path-
ways, investigated in our study, were 
characterised by Hu et al. (2013) in C. 
parvum-infected epithelial cells. The au-
thors showed that this parasite could in-
crease exosome production from these 
cells and suggested that exosomes derived 
from parasite-infected epithelial cells in-
duced TLR-4 pathway inflammation 
against the parasite. In addition, it was 
suggested that exosomes derived from 
infected epithelial cells may increase the 
expression of pro-inflammatory genes in 
splenic white blood cells (Wang et al., 
2019). Studies showed also that these 
exosomes contained antimicrobial pep-
tides such as cathelicidin-37 and β-
defensin-2. Due to the location of the 
parasite around the host cells, the results 
of our study become more reliable due to 
the enrichment of most genes in extracel-
lular activities. Our study was not the only 

bioinformatics analysis in which the re-
sulting genes are enriched in this way. 
However, the data analysis study of 
O'Connor et al. (2009) showed the same 
result.  

Our studies showed that bile salts are 
one of the main elements of Cryptosporid-
ium secretion from its oocysts and me-
tabolism, temperature, pH, and reducing 
factors. King et al. (2012) showed that 
bile salts, in addition to accelerating the 
parasite from its oocytes, increased also 
the invasion of parasitic sporozoites. To 
determine the proteins the parasite needs 
for invasion, it was shown that the ABC 
vectors were essential for feeding the 
parasite in host cells (Singh et al., 2015). 
Munoz-Caro et al. (2015) demonstrated 
that the MAPK, induced by the parasite 
and increased its expression, was one of 
the main factors in the formation of NE-
Tosis. 

 Increasing the expression of transcrip-
tion factors may indicate that the para-
site’s entry into epithelial cells can trigger 
the expression of various genes, including 
pro-inflammatory ones, production of 
cytokines, and antimicrobial peptides 
genes. 

At 48 hour PI in the HCT-8 cell line 
infected with C. parvum and in the discus-
sion of the biological process, 1.5% of 
these mostly expressed genes were associ-
ated with cellular homeostasis.  

Comparison of DEGs enrichment at 48 
hours PI to 24 hours PI meant that in-
fected cells at these time intervals tried 
quickly to communicate with each other 
and improve growing conditions, while 
the involvement of genes in cellular com-
munication had increased from 27.6% to 
39.7% in the 48 hours PI.  

As mentioned, due to the location of 
this parasite in the extracellular space, it 
can be concluded that the DEGs in in-
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fected cells at 24 hours PI were also en-
riched in the extracellular pathway. 

KEGG pathway analysis in this time 
shift demonstrated that the DEGs were 
involved in activating the pathways in 
cancer, pertussis disease, Toll-like, type C 
lectin, and adipocytokine receptors signal-
ling pathway, parathyroid hormone pro-
duction and involvement in its secretion 
and action, malaria disease, kidney can-
cer, thyroid hormones production, and 
aging cells. The expression of the TLR-4 
gene, an essential protein for inhibiting 
the innate immune response and produc-
ing pro-inflammatory cytokines, was sig-
nificantly increased in intestinal epithelial 
cells (Zaalouk et al., 2020). In addition, 
this increase in expression was mediated 
by miRNA (Chen et al., 1993). The study 
demonstrated that reducing the expression 
of miR-let-7i and thus reducing the sup-
pression of the TLR-4 gene increased the 
expression of this gene in infected and 
epithelial cells. Increasing TLRs stimula-
tion can increase the secretion of cyto-
kines such as IL-8, TNFα, and GROα in 
basolateral cells (Crawford et al., 2021). 
The secretion of the IL-6 cytokine, a cy-
tokine enhancing the differentiation of T-
cells to TH17, suggests that epithelial 
cells play a significant role in simulating 
acquired immunity against this parasite. 

 The role of HGF, FOS CTGF, 
CXCL8, GAPDG, and IL6 genes in the 
time shift, observed in our study, was 
more prominent. Increased expression of 
genes related to transfer protein can also 
be interpreted as metabolic utilisation of 
host and parasite-infected cells by the 
parasite. 

At 72 hours PI period in the HCT-8 
cell line infected with C. parvum and in 
the discussion of biological processes, 
2.1% of mostly expressed genes were as-
sociated with anti-apoptotic activity. This 

parasite significantly affected infected 
cells’ metabolic shift and energy and al-
tered the host cells’ nucleotide metabolism 
using a porine vector (Pawlowic et al., 
2019). It also demonstrated that the host 
cell’s metabolism changed 72 hours PI. 

The decrease in genes involved in ex-
tracellular activities and the increase in 
genes related to intracellular activities can 
be due to the transfer of the parasite from 
the extracellular space to the intracellular 
space. 

KEGG pathway analysis in this time 
shift demonstrated that the DEGs were 
involved in activating the effective path-
ways in amoebiasis, AGE-RAGE signal-
ling pathway in diabetes, phospholipase D 
signalling pathway, non-alcoholic fatty 
liver disease, interaction between cyto-
kines through target receptors, malaria 
and legionellosis, steroid hormone pro-
duction, NOD-like signaling pathway re-
ceptor, and improper regulation of tran-
scription in cancer. 

In the top 10 genes network study for 
72 hours PI group, DKK1, PTPN11, IL6, 
and LEF1 genes had the highest expres-
sion and the most significant impact on 
biological activity among other genes in 
this time shift (Fig. 7). 

The commonalities between all the 
significant genes that had the greatest im-
pact on the cell studies (using the Venn 
diagram) revealed five genes common to 
all of these states: CXCL8, DKK1, 
RAD23B, UGT1A3, and PHLDA1. DDK1, 
PHLDA1, and CXCL8 had increased ex-
pression in Cryptosporidium-infected 
cells among the common genes (Fig. 1). 
Ming et al. (2018) showed that the DKK1 
gene could be one of the essential genes 
for the parasite life cycle inside host intes-
tinal cells and also be one of the candi-
dates for Cryptosporidium treatment. The 
PHLDA1 gene was introduced as one of 
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the genes involved in anti-apoptotic (Liu 
et al., 2009). Laurent & Lacroix-Lamandé 
(2017) introduced the expression of the 
CXCL8 gene as a factor in increasing the 
accumulation of neutrophils in the intesti-
nal epithelium of patients with crypto-
sporidiosis.  

CONCLUSION 

This study showed that most of the genes 
involved in infected cells depended on 
immunological pathways such as cytokine 
IL-6 and chemokine CXCL8 expression. 
In addition, the routes of bile salts produc-
tion, metabolic pathways; extracellular, 
intracellular, and anti-apoptotic activities 
were introduced as pathways involved in 
Cryptosporidium infection at different 
times (24, 48, and 72 hours post infec-
tion). Finally, the RAD23B and UGT1A3 
genes, which were the final genes and 
were not studied by other researchers, will 

be presented as target genes to treat 
cryptosporidiosis in future studies. 
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